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INTRODUCTION 
The 1990 amendments to the Clean Alr Act have renewed interest in chemical forms or modes of 
occurrence of trace elements for potentially toxic trace elements in coal. Selective solvent leaching has 
been useful in estimating these modes of occurrence ‘~‘-3~4~s. This technique is much faster than 
previous attempts to determine the modes of Occurrence of trace elements in coal. such as scannlng 
electron microscopf. analysis of densify separates of  coal'^' end lowtemperature ash’. However, 
relatively little has been published about the reproducibility End reliability of the sohrent leaching 
procedure. For this paper, three previously analyzed coal samples were leached Individually and (or) 
sequentially with 1 N CH,COONH,, 2N HCI, 48% HF. and 2N HNO, using procedures described 
previo~sly~~’. The concentrations of 45 elements were determined by analyzing the leachate by 
inducthrely coupled argon plasma-atomic emission spectroscopy (ICAP-AES) and (or) the residue by 
instrumental neutron activation analysis ONAA). 

RESULTS 
The percent determined by both INAA and ICAP-AES of each element sequentially leached by each 
solvent in the Illinois #8 coal is given In Table 1. The method of determining the percent leached is 
different for each technique. The percent leached by ICAP-AES is calculated by: 

where C, is the concentration of the element in solution V, is the volume of the solution, W, is the 
weight of the fraction prior to leaching (starting weight) ; and C& is the concentration of the element 
in the original whole coal sample given in Table 2. The percent leached in each fraction determined by 
INAA was calculated by 

where P, is the total percent leached by all fractions previously leached (P, is zero for the CH,COONH, 
fraction); C, is the concentration of the element in the residue after leaching and WF is the weight of 

are propagated through the calculations for the elements determined by INAA. Although the errors of 
concantrations determined by INAA are generally relatively low (1-lo%), errors in the final calculation 
are much greater due to the subtractions and division in equation 2. Errors on individual elemental 
concentrations ware not available for ICAP-AES. The data indicates that errors in these concentrations 
are generally higher than INAA errors, because more elements are near the detection limits of the 
ICAP-AES technique”. Because equation 1 does not have subtraction terms, the overall errors may 
be comparable. In cases where the error was greater than the percent leached value, this value was 
converted to an upper limit and denoted by a * in the tables. In a few cases, equation 2 lead to a 
negative number. If that number was less than the calculated error, then the value was reported as an 
upper limit with a * as above; but when the value exceeded the error value, no value could be 
calculated and a 7 was reported in a manner similar to Finkelman et a? in l9W. 

Considering the errors, there is generaliy good agreement between INAA and CAP-AES results. The 
INAA results can ako be evaluated against the data reported In the 1990 study included in Table 1. 
The comparison to previous data is generally good. but there are some exceptions. The 1:7 HNO, 
solution used in this study was more effective than 
1:D HNO, . The differences in nitric add leaching between this study and the 1990 study have bean 
attributed to oxidation of the coal matrix by the stronger soldon5. 

Results for the Buelah-Zap lignite sample and the Lower Bakerstown coal sample (Tables 3-6) ara 
similar to the results found for the Illinois #8 coal sample. The leaching study on the Lower Bakerstown 
coal was done in duplicate to further assist in evaluate reproducibility. Results from individual leaching 
experiments some in duplicate or triplicate can be found on Table 7. Many of these experiments were 
dona in duplicate or triplicate. Hot (80’’ C) and room temperature (RT) HCI and HNO, add were used 
to determine if differences in temperature were important. Generally, differences In temperature were 
not as significant as were differences in concentration. 

(csv, /ws) /~c x 100 (1) 

PL- ( %CwS CFWF %CwS) loo (2) 
I 

I the fraction after leaching (final weight). The errors calculated are based on counting statistics’o and 
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Table 1. Percent of selected elements sequentially leached from the Illinois #6 coal by different 
sokents. The concentrations of elements used to calculate the percent leached were determined by 
instwmental neutron activation analysis (INAA) on residue of the leached coal. The concentrations of 
the elements used to calculate the percent leached were determined directly by inductively coupled 
argon Plasma atomic emission spectrometry (ICAP-AES) on the leached solutions. '=number converted 
to an upper limit due to high errors in calculations; ND= not determined, 7 No value could be 
determined from data, 1990 refers to data previously reported by Finkelman et al.' 

Elementmethod Run1 1990 Runl 1990 Runl 1990 Runl I990 
CH.COONH. HCI HF HNO. 

B-CAP-AES 
Na-INAA 
Na-ICAP-AES 
Mg-ICAP-AES 

Si-ICAP-AES 
A ~ A P - A E S  

P-ICAP-AES 
K-INAA 
K-CAP-AES 

SCINAA 

V-CAP-AES 

Ca-ICAP-AES 

Ti-ICAP-AES 

Cr-INAP. 
cr-CAP-AES 
Mn-ICAP-AES 
Fe-INAA 
Fe-ICAP-AES 
CO-INAA 
CO-ICAP-AES 
Ni-INAA 
Ni-ICAP-AES 
CU-ICAP-AES 
Zn-INAA 
Zn-ICAP-AES 
AS-INAA 
Se-INAA 
Br-INAA 
R ~ I N A A  
ST-INM 
Sr-ICAP-AES 

Zr-CAP-AES 
A g - I C A P A E S 
Sb-INAA 
CS-INAA 
Ba-INAA 
BB-CAP-AES 
La-INAA 
CB-INAA 
Ce-CAP-AES 

SIWINAA 

Y-ICAPAES 

N~-INAA 

Eu-INAA 
T~ INAA 
Yb4NAA 
Lu-INAA 
Hf-INAA 
T~-INAA 
W-INAA 
PblCAP-AES 
Th-INAA 
U-INAA 

1 
7324 
70 

8 
17 

0 
e44 

927 
<21 

71 
4 0 '  

<2 
e20 
4' 

c3 
71 

951 

1021 
0.5 

e24 
27516 
17 

4 0  
856 

4 
1057 
2154 
4059 

<26' 
C49' 

36 
e25 

C5 
e100 
4 6 .  
e 
2851 3 
32 
<3' 

4 0 '  
4 7  

20512 
13510 
1751 0 
21516 

4 5 '  
4 8 .  

7 
4 6 '  

7 
e24 
<2* 

4 9 '  

ND 
65 

ND 
ND 
ND 
ND 
ND 
13 

ND 
ND 

0 
ND 
ND 

0 
ND 
ND 
0 

ND 
I 9  

ND 
35 

ND 
ND 
ND 
ND 

0 
0 

53 
ND 
30 

ND 
ND 
ND 
ND 

0 
0 

11 
ND 

0 

ND 
ND 

0 
0 
0 
0 

ND 
0 
0 
0 

ND 
0 
0 

a 

32 
1 0+5 
12 
7 

36 
1 

4 0  
42 .  
e24 

21 
c23' 

3 
30 
7 
22 
21 
9+l 
4 
4752 
43 

~ 3 0 '  
36 

4 1  
2159 
26 
19+10 

c7. 
7 

<27' 
4 00' 

10 
e29 
<S 

4 0 0  
46 .  

1557 
22519 
18 
3853 
4521 5 
34 

CIOO' 
40515 
29514 

<40' 
e?' 
<38* 
c2̂  

48 .  
7 

30 
24214 

422. 

ND 
0 

ND 
ND 
ND 
ND 
ND 

0 
ND 
ND 
15 

ND 
ND 
22 
ND 
ND 

0 
ND 
39 

ND 
32 

ND 
ND 
ND 
ND 
17 

0 
7 

ND 
0 

ND 
ND 
ND 
ND 
13 
0 

25 
ND 
37 
38 
ND 
ND 
44 
40 
28 

0 
ND 

8 
0 
0 

ND 
30 
16 

45 
1 526 
e2 
57 
42 

ND 
-58 
e91 

81 
2 

8451 4 
81 

21 9 
5354 
71 
8 
421 
10 
1 553 

e31 
39520 
42 

4 3  
5859 
58 

4 8 '  
<r 
7 

67k21 
~40 .  

I 9  
<33 

46 
4 0 0  

22511 
7158 
31520 
35 
1152 

~ 2 5 '  
c22 

7 
C20' 
<20* 
<40^ 

~40 .  
25516 

6221 1 
4821 7 
7 
12 

c28' 
24515 

ND 
0 

ND 
ND 
ND 
ND 
ND 
78 

ND 
ND 
32 

ND 
ND 

9 
ND 
ND 

0 
ND 

0 
ND 

0 
ND 
ND 
ND 
ND 

0 
0 
7 

ND 
5 

ND 
ND 
ND 
ND 

0 
0 
9 

ND 
4 
0 

ND 
ND 

0 
0 
0 
18 

ND 
23 
0 
0 

ND 
0 
0 

4 8  
650.4 

e3 
142 

47 
2 

e100 
4 0 '  
e57 

3 

9 
124 
3358 
52 
<8 
7556 

122 
23+4 

<84 
41523 
47 
78 
12210 
18 
80+11 
6555 

7 
C38' 
*20' 
22 

4 9  
e12 
4 0 0  

20516 

6051 3 
2058 
20515 
28 
4321 
4051 7 

58520 
3751 7 
38516 

4 6  

39228 
535lt  
55228 

4 2  
3621 9 
7 

50 
51516 
40516 

ND 
15 

ND 
ND 
ND 
ND 
ND 
>7 

ND 
ND 

4 
ND 
ND 
24 
ND 
ND 
48 

ND 
7 

ND 
0 

ND 
ND 
ND 
ND 

0 
0 
7 

ND 
ND 
ND 
ND 
ND 
ND 

6 
88 
8 

ND 
29 
24 
ND 
ND 
13 
7 
12 
0 

ND 
9 
0 
0 

ND 
14 
0 

Table 2. Concentrations of trace elements in the original Illinois #6 coal sample in parts per million 
except as noted. 

B Na & 1 &..@.) Ca(%) Sc 1 Cr Mn 
160 1020 750 1.25 3.0 47 0.2 0.93 2.3 700 34.5 35.8 78 
Fe(%)CO a k & Rb Sr 1 &A 

2.7 4.4 30 10.1 201 4.7 4.2 5.72 16 32.2 4.1 22.8 0.62 

a La Ce Nd Sm Eu Tb Yb Lu H f T a  
0.84 0.94 88 5.99 10.2 E 1.03 0.226 0.134 0.47 0.08 0.435 0.176 

T h U  
1.51 8.6 1.85 4.27 
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Table 3. Percent of selected elements sequentially leached from the Buelah-Zap lignite by different 
solvents. The concentrations of elements used to calculate the percent leached were determined trj 
instrumental neutron activation analysis (INAA) on residua of the leached coal. The concentrations of 
the elements used to calculate the percent leached were determined directly by inductively coupled 
argon plasma atomic emission spectrometry (ICAP-AES) on the leached solutions. *=number converted 
to an upper limit due to high errors in calculations; ND= not determined, 7 No value could be 
determined from data, 1990 refers to data previously reported by Finkelman et al? 

Element-meaod Runl 1990 Runl 1990 Runl 1990 Runl 1990 
CHSOONH. HCI HF HNO. 

B-CAP-AES 
Na-INAA 
Na-ICAP-AES 
Mg-ICAP-AES 

Si-CAP-AES 
ACICAP-AES 

P-ICAP-AES 
K-INAA 
K-ICAP-AES 
Ca-ICAP-AES 
SC-INAA 
T~-ICAP-AES 
V-ICAP-AES 
cf-INAA 
Cr-ICAP-AES 
Mn-ICAP-AES 
FWNM 
FB-CAP-AES 

CO-ICAP-AES 
CO-INAA 

Ni-INM 
Ni-ICAP-AES 
CU-ICAP-AES 
Zn-INAA 

AS-INAA 
Zn-CAP-AES 

S0-INAA 
Br-INAA 
R ~ I N A A  
sr-INAA 

Y-ICAP-AES 
Sr-CAP-AES 

Zr-CAP-AES 
Ag-ICAP-AES 
Sb-INAA 
CS-INAA 
Ba-INAA 
BB-ICAP-AES 
La-INAA 
CB-INAA 
CSICAP-AES 
Nd-INAA 
Sm-INAA 
Eu-INAA 
T~-INAA 

Lu-INAA 
Yb-INAA 

Hf-INAA 
Ta-INM 
W-INAA 
P~ICAP-AES 
Th-INAA 
U-INAA 

4 7  ND 
5424 95 

4 0 0  ND 
101 ND 

1 ND 
<1 ND 

c22 ND 
41221 7 

4 0 0  ND 
82 ND 
? 0 

c7 ND 
167 ND 

? 14 
371 ND 

46 ND 
4 0 '  15 
4 ND 
? 5 

4 0 0  ND 
4 7 '  0 
c27 ND 

76 ND 
321 0 

c27 ND 
4. 16 

4 7 '  0 
120.1 0 

1628 ND 
6421 45 
76 ND 

ND 
4 1  c67 ND 

4 0 0  ND 
4 3 '  0 
4 0 .  0 
4 3 .  23 

18 ND 
? 0 
7 14 

~ 6 1  ND 
33225 ND 
<5' 0 

4 9 .  0 
4 1 '  0 
c20  ̂ 0 
<22' ND 

7 0 
? 0 
? 0 

4 0 0  ND 
? 0 

4 8 '  0 

40 ND 

4 0 0  ND 
11 ND 
28 ND 
10 ND 

100 ND 
c32' 0 

4 0 0  ND 
23 ND 
5026 15 
23 ND 

? 70 
4 6  ND 

42 ND 
37214 0 
34 ND 

2625 0 

4 6  ND 

1525 58 
4 0 0  ND 

32214 0 
69 ND 

c32 ND 
c73' 78 

82 ND 
2228 4 

926 0 
7 ? 

c23' ND 
>32* 54 

26 ND 
4 0 0  ND 
4 3  ND 

4 0 0  ND 
4 9 '  0 
46. 0 

11213 73 
87 ND 
7559 83 
89213 70 
92 ND 

d 7  ND 
1326 81 
71230 79 
70215 84 
87231 72 
64218 ND 

4 0 '  0 
4 3 '  0 

7 0 
112 ND 
3928 60 
54227 60 

e26 ND 
1855 0 

4 0 0  ND 
17 ND 
66 ND 
ND ND 

e34 ND 
4 0 0  .85 
4 0 0  ND 

1 ND 
45211 32 
66 ND 

4 0 0  ND 
? 0 

203 ND 
c5 ND 

C26' 0 
9 ND 

1357 0 
4 0 0  ND 

4 4 '  0 
4 0 0  ND 

e41 ND 
~ 2 3 '  16 
67 ND 
1921 0 

7 0 
7 7 

>23 ND 
7 0 
1 ND 

4 0 0  ND 
61 ND 

4 0 0  ND 
68230 14 
>68 82 
29215 7 

13210 0 
16 ND 

18213 0 
<91 ND 

0 ND 
18214 0 

>50 0 
17215 0 

C40' 0 
~ 3 8 .  ND 
81210 55 
94213 37 

? 0 
4 0 0  ND 

6028 0 
34231 27 

c40 
1921 

4 0 0  
42 

1 
3 

4 6  
<IO0 
4 0 0  

0 
4 3' 
e21 

c100 

4 0 0  
4 0  

30 
C1T 

4 0 0  
<30. 

4 0 0  
e79 
4' 

c79 
4421 
58212 

7 
.34* 

? 
4. 

4 0 0  
c33 

4 0 0  
<40  ̂

? 
4 

1 

1428 

2226 

50522 

cia* 

4 0 0  
>I6 
<21* 
~ 4 0 '  
c20. 
c45. 
c2a* 
c i  0' 

14211 
? 

cloo 
21+9 

c40* 

ND 
0 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

4 
ND 
ND 

0 
ND 
ND 

0 
ND 

0 
ND 

0 
ND 
ND 
0 

ND 
11 

0 
7 

ND 
0 

ND 
ND 
ND 
ND 
30 

7 
7 

ND 
7 
7 

ND 
ND 

7 
7 
3 
7 

ND 
0 
0 
0 

ND 
29 

0 
'Includes amount leached by HF 

Tabla 4. Concentrations of trace elements in the original Buelah-2ap.lignite sample in parts per million 
except as noted. 

- B kJ& AI G i & Q & J L Y - S L &  
79 4960 3740 4000 6700 120 250 1.48 0.78 190 3.7 2.4 81 

& & M  QJ a As Se BL & S L Y  a 
4800 0.82 5 5 5.23 2.63 0.59 1 0.93 530 2 12 0.14 

- S b Q  & & & I  Nd &I E u & Y b J = ! ! - & &  
0.173 0.5 610 2.67 3.92 2.3 0.4 0.081 0.52 0.26 0.036 0.293 0.92 

W E  n 1 
0.38 1.5 0.9 0.41 
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Table 5. Percent of selected elements sequentially leached from the Lower Bakerstown coal by different 
solvents. The concentrations of elements used to calculate the percent leached were determined by 
instrumental neutron activation analysis (INAA) on residue of the leached coal. The concentrations of 
the elements used to calculate the percent leached were determined directly by inductively coupled 
argon Plasma atomic emission spectrometry (ICAPAES) on the leached solutions. '=number converted 
to an upper Emit due to high errom in calculations; ND= not determined, ? No value could be 
determined from data, 1990 refers to data previously reported by Finkelman et al.' 

Elementmethd Runl Run2 1990 Runl Run2 1990 Runl Run2 1990 Runl Run21990 

B-ICAP-AES 4 0 0  4 0 0  ND 4 0 0  4 0 0  ND 4 0 0  4 0 0  ND 4 0 0  4 0 0  ND 
Na-INAA 1024 1024 0 c7' 4 0 '  0 7525 7525 65 <8' <9* 0 
Na-ICAP-AEs 19 13 ND 8 <9 ND 61 72 ND 4 3  4 6  ND 
MO-ICAP-AES 10 12 ND 6 7 ND 41 48 ND 5 5 ND 
A~ICAP-AES 59 45 ND 11 16 ND 36 24 ND 38 4 6  ND 
SLCAP-AES <0.2 e0.3 ND 0.3 0.5 ND ND ND ND 4 4 ND 
P-ICAP-AES 12 <9 ND 54 78 ND 14 17 ND <13 19 ND 
K-INAA 4 3 '  4 Y  0 <22* 4 8 '  0 >89 =-85 >79 >2 >1 ND 
K-CAP-AES 4 8  4 8  ND 4 4  4 8  ND 84 e100 ND <lo0 4 0 0  ND 
Ca-ICAP-AES 75 66 ND- 21 22 ND 18 18 ND 9 8 ND 
SC-INAA <3* <3' 8 1423 1623 63 3323 3123 23 c3' 623 0 
Ti-ICAP-AES <4 <3 ND <3 <4 ND 49 53 ND 21 11 ND 
V-ICAP-AES 420 e30 ND -22 r30 ND 49 52 ND <44 ~ 5 3  ND 

Cr-ICAP-AEs 4 2  4 7  ND 4 2  4 8  ND 104 109 ND 77 73 ND 

CH,COONH. HCI HF HNO. 

80% 

Cr-INAA <4. 4 . 0  7 7 0  ? 7 1 2  ? 7 11 

Mn-ICAP-AES 85 60 ND e23 <32 ND c26 <39 ND e48 -37 ND 
Fe-INM c12' 4 1 .  15 2927 4227 26 2927 2327 8 4 0 3  3328 4 
F~ICAP-AES 17 ~ 0 . 2  ND 40 61 ND 8 8 ND 35 49 ND 
CO-INAA 60+_3 6023 59 1123 1223 8 <7' c8* 0 8+3 823 0 
CO-ICAP-AES 79 67 ND 4 7  e23 ND 4 9  <28 ND <33 ~ 4 0  ND 
Ni-INAA 39214 39214 55 ~ 3 8 '  4 9 '  0 4 9 .  4 9 .  0 2221834+18 0 

\ Zn-INAA 5326 5328 64 3128 1928 21 <9' 4 3 '  0 4 1 .  c l l '  0 

AS-INAA 4. 624 0 5725 4625 41 1526 1626 6 3025 3025 6 

Br-INAA c4' 0 724 1724 19 924 <4' 15 <40' ~ 4 0 '  0 
R ~ I N A A  <24' <24* ND <22' <23' ND >91 >90 ND s.7 23 0 
SI-INAA <25' ~ 2 5 '  16 <24' <33' 0 58224 63224 9 <28' <30* 11 
SFCAP-AES 19 17 ND 7 9 ND 41 44 ND 8 8 ND 
Y-ICAP-AES <31 <47 ND -34 ~ 4 7  ND ~ 3 9  4 7  ND 4 9  <83 ND 
Zr-ICAPAEs 4 4 0  ND e7 4 0  ND 30 36 ND 14 e17 ND 
AWCAP-AES 4 0 0  4 0 0  ND 4 0 0  4 0 0  ND 4 0 0  4 0 0  ND <lo0 e100 ND 
SbINAA 4' 4. 10 3724 3825 33 2024 2124 21 2224 3024 0 

I 
I 

Ni-ICAP-AES 59 45 ND 10 15 ND 36 24 ND 39 <16 ND 
CU-ICAP-AES 46 4 5  ND 21 24 ND 21 30 ND <22 <28 ND 

Zn-ICAP-AES 72 64 ND 18 43 ND 9 9 ND <5 39 ND 

SbINAA 4 0 '  -41. 0 4 8 .  <23' 0 <14* <25' 0 74214 70214 0 

CS-INAA <ir <ir 12 C i r  MY w+ig 8522037 >21* ~ 2 1 .  14 
Ba-INAA 4 7 .  C17' 23 4 9 .  4 9 '  ? 75519 79216 ? 17+1523+18>23 
Ba-ICAP-AES 22 11 ND 67 12 ND 27 19 ND 10 e8 ND 
La-INAA C4' <4* 0 1025 1125 0 1325 1625 5 2524 3424 22 
CB-INAA <4* <4' 0 14t4 1424 3 1225 1424 0 2225 3453 22 
CSICAP-AES e20 <30 ND -22 <30 ND e25 e37 ND <44 4 3  ND 

SRI-INAA <3' ~ 3 '  0 2225 1924 9 1024 1224 0 1524 2424 17 
Eu-INM 4. <5* 0 2827 2326 14 4 4 '  927 7 1227 2227 16 
T~INAA <7* <7* 0 23210 20210 15 4 6 '  4 0 '  0 1221023+10 16 

Lu-INAA 4. <8* ND 4 6 .  <23' ND 4 7 '  1128 ND 1159 1528 ND 
Hf-INAA 4 0 '  4 0 .  0 4. 4 0 '  0 4128 4028 21 c9. 1028 7 
Ta-INAA <9* <9' 0 ~ 2 0 '  <lY 0 19213 17212 0 19+1234+12 0 
W-INM 7 7 0 ~ 2 5 '  <23' 0 42224 40221 15 ~ 3 0 .  B + i 9  0 
AU-INAA >31 >28 ND ? 7 ND 7 ~ 3 2 '  ND ? ~ 3 3 '  ND 
P~ICAPAES 35 4 3  ND 62 101 ND 5 <7 ND e79 CW ND 
Th-INAA <4* 0 925 1324 0 924 924 6 1524 1624 10 
U-INM 15213 <20' 0 4 8 .  4 8 '  0 37217 2421722 <24' 19217 9 

Table 6. Concentrations of trace elements in the original Lower Bakerstown coal sample in p r t s  per 
million except as noted. 

Nd-INAA 4 9 .  4 9 '  ND 22217 30217ND 1721 1623 ND 2821732217ND 

Yb-INAA 20 4 8 '  1629 ? 1328 <15' ? <15' 1728 9 

\ 

1 Na && AI(%) S i M  P K Ca(%l Sc a Y_ & 
2.88 170 330 0.74 1.07 360 700 1.4 2 430 10.4 9.1 9.7 

Fe(%)CO Jjj- a y & &- 
0.88 6.92 17.9 10.6 47.9 2.63 0.59 34.1 4.85 62 3.33 16 0.41 

- Sb Ba La &Jj& Tb Yb Lu m a  
1.5 0.29 34 6.0s 10.4 3.65 1.20 0.23 0.14 0.54 0.67 0.38 0.11 

A L A u P b  J I L L  
0.65 0.001 5.84 1.32 0.53 
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Table 7. Percent of selected elements leached from the Lower Bakerstown coal by different solvents. 
Individual experiments were conducted using room temperature solvents (UT) and 80°C solvents (hot). 
The numbers after RT and hot indicate run numbers.The concentrations of elements used to calculate 
the percent leached were detemdned by instrumental neutron activation analysis QNAA) on residue of 
the leached coal. The concentrations of the elements used to calculate the percent leached were 
determined directly by inductively coupled argon plasma atomic emission spectrometly (ICAP-AES) on 
the leached solutions. '=number converted to an upper limit due to high errors in calculations; ND= not 
determined, ? No value could be determined from data, 

c coo CI HF NO 
Element- -2k R? RT1 RT2 G 3  Hot1 Hot2 RT1 RT2 &3 i o t l  Hot2 
B-CAP-AES 4 0 0  4 0 0 4 0 0  4 0 0  e100 4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  
Na-INM e 4  1723 1523 1923 3124 3024 8624 3524 2524 1924 1824 W-4 
NB-ICAPAES 15 18 e59 e59 959 4 5  124 31 <59 C85 <65 C85 
Mg-ICAPAES 47 57 28 29 57 60 67 30 30 31 40 51 
ACICAP-AES 59 57 e58 e56 88 67 70 75 66 76 81 80 
S~~CAP-AES <0.3 1 e2 e2 16 17 ND 3 <2 17 6 7 
P-ICAP-AES 4 69 72 72 88 92 83 73 71 99 80 92 
K-INM 4 3 '  12210 13211 12211 37211 39211 4 9 '  31210 15211 13211 16211 22211 
K-ICAP-AES 4 6  4 4 0 0  4 0 0  4 0 0  4 0 0  99 4 6  4 0 0  4 0 0  4 0 0  4 0 0  
C~ICAP.AES 62 77 100 97 121 131 41 108 108 119 117 135 
SC-INAA <3' 1722 1823 is22 2922 2822 4722 3522 2122 2022 2022 2923 
TXAP-AES <4 <43 <23 <23 <23 c26 54 *<4 <23 e25 <23 <26 

CNNM <6* <4* ~ 4 '  <4* 924 2324 1524 c7* <5* 7 8 9  

MICICAP-AES 56 43 400 4 0 0  <lo0 4 0 0  68 40 4 0 0  4 0 0  4 0 0  <lo0 
Fe.lNAA <4* 4924 4824 5323 5424 5324 5924 9725 m55 si355 m25 m25 
Fe-ICAPAES 4 . 2  53 53 53 58 60 58 108 104 113 103 118 
CO-INM 6022 7022 7022 7253 7323 7322 7223 8522 7922 8023 7a+3 8322 
CDICAPAES 65 65 4 0 0  4 0 0  4 0 0  4 0 0  65 73 4 0 0  4 0 0  4 0 0  4 0 0  
NI-INAA 
NI-ICAP-AES 47 57 <58 4 6  68 67 70 75 66 76 81 80 
CU-ICAP-AES 4 4  31 ~ 9 4  4 4  ~ 9 4  4 0 0  57 87 4 4  4 0 0  4 0 0  4 0 0  
ZRlNAA 5728 84+5 64+5 8525 8625 8525 8525 , 9325 8725 sS25 8325 90+5 
Zn-ICAPAES 88 106- 220- 124 128 116 138 150 103 144 125 116- 

V-ICAP-AES <29 e29 4 0 0  4 0 0  <lo0 4 0 0  57 e29 e100 4 0 0  4 0 0  4 0 0  

Cr-lcAPrES 4 7  4 7  4 0 0  4 0 0  <loo 4 0 0  42 <17 <lo0 4 0 0  4 0 0  4 0 0  

33213 44213 50213 51213 46213 61213 59213 70213 63213 65213 61513 68213 

AS-INM 
SWNM 

R ~ I N M  

Y-CAP-AES 

&-lNAA 

ST-INAA 
Sr-ICAP-AES 

Zr-ICAP-AES 
Ag-ICAP-AES 
SbINAA 
CS-INAA 
Ba-INAA 
BB-ICAP-AES 

CBINAA 
CBXAP-AES 
Nd-INAA 

E W N M  

L~-INM 

SWINAA 

T~INAA 
Y ~ I N M  
Lu-INAA 
Hf-INAA 
Ta-INAA 
W-INAA 
Au-INAA 
P~ICAP.AES 
Th-INAA 
U-INAA 

6024 5924 6224 6154 60+4 6524 91324 9424 m24 ss24 95+4 
4 0 '  2129 4 5 '  11210 4 5 '  45 '  66210 57210 58210 4929 78210 
1123 1623 1823 7323 7323 2923 5753 3623 2323 23t3 4453 

*24' ~ 2 2 '  1821448214 45214 81218 38214~24' 15+14<34' 26214 
23217 ~34. Q9' 64518 73218 52217 81217 40220 30217 22217 49217 

<45 4 0 0  <loo 4 0 0  4 0 0  c45 <45 4 0 0  4 0 0  4 0 0  4 0 0  
e9 4 2  4 2  ~ 6 2  <70 81 4 0  4 2  e69 c70 4 9  

4 0 0 4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  4 0 0  ND 
3623 4423 3223 2823 2523 3423 5653 2124 4823 47235423 

4 7 '  18212 22212 56213 56213 78214 42212 15212 27212 23212 36214 
e20' 47 4 5 .  45211 53212 70212 47212 4 5 '  23218 >25 19214 
12 <30 <30 64 72 141 29 e29 c33 49 54 
1323 1723 2023 5823 5823 1323 5223 2223 1923 1923 4323 
1524 2124 2423 5923 5923 923 5523 2523 24t3 2323 4723 

~ 2 9  4 0 0  4 0 0  4 0 0  4 0 0  ~ 2 9  29 4 0 0  4 0 0  4 0 0  -400 
14212 ~ 2 5 '  17212 40212 61212 <16* 57212 24211 4 5 '  3121246212 
2523 2923 3023 5953 5823 1123 5923 3623 3223 3223 5023 
2425 3025 3225 5625 5425 1025 5625 2425 3525 3525 5125 
1727 2927 2827 4027 3927 827 4327 2727 2727 2427 4227 

8 2 6 4 2  926 2525 2126 4' 3525 1428 1226 1226 1826 
1126 43'  1327 2325 2425 625 3425 1825 1326 926 2 4 9  
4' 7 4' 4 2 '  826 4028 1226 4' 4 1 '  4 3 '  726 
? 7 7 ? ? d3: <9: 7 ? 7 7 
? 7 7 4 4 '  7 2321344. ? 7 7 7 

44' 33t30 ? 59233 <31* 7 ~ 3 2 '  <42* <56' ? ? 
93 4 0 0  <lo0 e100 4 0 0  32 98 4 0 0  c100 4 0 0  e100 
923 1025 1323 2923 2923 823 3223 1423 1725 1523 2524 

4 9 .  4 4 '  34212 29211 32211 21212 44211 23212 28212 20212 36212 

22 28 29 83 90 48 48 35 38 88 75 
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